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CT  MOwat^ 

Currently,  there  is  an  in-house  effort  to  produce  a  vibration-insensitive  surface 
acoustic  wave  (SAW)  resonator  to  stabilize  the  outputs  of  state-of-the-art  SAW 
oscillators.  One  of  the  key  elements  in  this  investigation  is  the  development  of 
a  simple,  yet  sensitive  frequency  trimming  procedure  to  adjust  the  resonator  fre¬ 
quency  of  a  fabricated  device.  Background  and  procedural  information  for  performing 
frequency  trimming  on  a  SAW  resonator  using  a  wet  isotropic  chemical  etch  are  pro¬ 
vided  in  this  report.  The  results  of  this  study  revealed  a  trimming  sensitivity 
of  0.33  ppm/A  and  11. 4?  of  performance  degradation  for  a  10  kHz  or  100  ppm  shift  in 
the  resonant  frequency  of  a  device. 
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An  on-going  in-house  research  project  to  improve  the  state- 
of-the-art  for  vibration  insensitive  surface  acoustic  wave  (SAW) 
stabilized  oscillators  has  created  the  need  for  a  complete  in- 
house  design,  fabrication  and  evaluation  facility  for  SAW 
resonators.  This  is  essential  because  all  aspects  of  the 
resonator's  design  must  be  controllable  to  optimize  its  vibration 
characteristics.  One  of  the  keys  to  this  effort  is  the  post¬ 
fabrication  processing  which  is  nearly  always  required  to  move 
the  resonance  frequency  of  the  device  to  the  desired  frequency  of 
operation.  Background  information  and  processing  techniques  for 
precise  frequency  trimming  of  a  SAW  resonator  using  a  wet 
isotropic  chemical  etch  are  provided  in  the  following  report. 

BACKGROOIID 

Surface  acoustic  wave  (SAW)  stabilized  oscillator  technology 
has  become  an  area  of  Interest  to  many  designers  of  avionic, 
radar  and  military  communication  systems  as  the  operating  fre¬ 
quencies  of  these  systems  increase  and  the  performance  character¬ 
istics  of  SAW  devices  improve  over  time.  Several  key  determinants 
have  led  to  this  current  interest  in  SAW  devices.  The  first 
factor  influencing  this  interest  in  SAW  technology  is  the  wide 
range  of  fundamental  frequencies  achievable  using  this 
technology.  SAW  devices  have  a  fundamental  frequency  of  operation 
which  ranges  from  50  MHz  to  2000  MHz.  Second,  these  devices  are 
planar  and  inherently  rugged,  which  are  two  important  factors  for 
most  electronic  military  systems.  Third,  SAW  device  technology  is 
able  to  capitalize  on  the  advances  in  processing  and  packaging 
technology  developed  for  bulk  acoustic  wave  (BAW)  devices  which 
is  a  more  mature  technology.  Lastly,  SAW  device  fabrication  is 
relatively  easy  and  compatible  with  most  standard  microelectronic 
processing  techniques. 

The  advancement  of  electronic  military  systems  has  placed 
extremely  stringent  tolerances  on  the  performance  of  many  of  the 
components  and  subsystems  used  in  them.  One  current  military 
system  specification  for  a  SAW  oscillator  requires  that  the 
operating  frequency  of  the  device  not  change  by  more  than  280 
parts/million  (ppm)  due  to  all  causes  of  frequency  drift  over  an 
expected  operational  lifetime  of  10  years.  Some  common  causes  of 
frequency  drift  in  a  SAW  oscillator  are  temperature  fluctuations, 
vibration  and  aging. 

Once  the  system  requirements  for  a  SAW  oscillator  are  known, 
the  next  logical  topic  of  discussion  is  the  frequency  control 
element  of  the  oscillator:  the  SAW  resonator.  In  particular,  the 
discussion  will  concentrate  on  how  the  fabrication  of  the  SAW 
resonator  affects  the  overall  frequency  accuracy  of  the  SAW 
oscillator.  Under  the  best  fabrication  conditions  available,  the 
initial  on-set  frequency  of  a  SAW  resonator  is  typically  ±200  to 
±500  ppm  from  the  desired  frequency.  This  wide  range  in  resonant 
frequency  is  due  in  large  part  to  a  lack  of  precise  control  over 
processing  variables  '^uch  as  metallization  thickness,  accurate 
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allgnnent  of  the  device  with  the  substrate,  electrode-to-gap 
variations  caused  by  uncompensated  isotropic  wet  chemical  etch 
processes,  etc.  Resonant  frequency  variations  are  also  caused  by 
substrate-to-substrate  variations,  i.e.,  angle  of  crystal  cut. 
[1] 


The  most  common  technique  for  overcoming  these  initial 
resonant  frequency  deviations  is  to  employ  a  frequency  trimming 
process.  In  most  cases,  reactive  ion  etching  (RIE)  with  CF^  is 
used  to  trim  the  center  frequency  of  a  SAW  resonator.  Frequency 
trimming  using  this  technique  is  quite  accurate;  for  example,  a 
465  MHz  SAW  reported  by  Parker  and  Montress  showed  a  frequency 
tunability  of  -3  to  -6  ppm/A.  It  should  be  noted  from  the  nega¬ 
tive  sign  in  the  frequency  tuning  parameter  that  the  RIE  tech¬ 
nique  is  unidirectional  and  loweis  the  frequency  of  the  device 
being  processed.  This  occurs  because  RIE  with  CF^  etches  quartz 
approximately  seven  times  faster  than  aluminum,  therefore  the 
aluminum  transducers  and  grating  structures  serve  as  a  mask  and 
allow  the  quartz  between  the  aluminum  structures  to  be  removed. 
Effectively,  this  process  increases  the  discontinuity  of  the 
surface  structures,  which,  in  turn,  lowers  the  velocity  of  the 
traveling  surface  wave  and  the  detected  output  frequency. 

In  contrast  to  the  RIE  process^  the  isotropic  chemical  etch 
effects  change  in  the  resonant  frequency  of  a  device  by  reducing 
the  mass  of  the  aluminum  transducers  and  grating  on  the  active 
surface  of  the  SAW  substrate.  This  technique  is  also  unidirec¬ 
tional  but  it  allows  the  upward  tuning  of  the  device's  center 
frequency.  The  results  of  this  study  show  that  for  small  shifts 
in  center  frequency,  device  performance  is  not  adversely  effected 
by  wet  chemical  etching. 

BTCa  RATE  STUDY  TO  ORBUIZMS  TRBQUSMCY  TRIMMIMO  TECHNIQUES 

The  first  step  in  performing  an  etch  rate  study  was  to 
select  the  most  appropriate  etchant  for  the  task.  In  this 
particular  situation,  the  ideal  etchant  should  have  a  slow  etch 
rate,  20-50  A/min,  when  used  at  room  temperature  and  should  serve 
as  a  polishing  etch.  Based  on  the  desired  etchant  characteristics 
and  available  candidates  [2],  the  aluminum  etch  chosen  was  a 
commercially  prepared  solution  composed  of  phosphoric  acid, 
acetic  acid,  nitric  acid  and  deionized  water.  This  solution  will 
be  used  in  an  immersion  etching  scheme  where  the  device  being 
processed  is  submerged  in  the  etchant  for  a  specified  period  of 
time  resulting  in  the  removal  of  a  predetermined  thickness  of 
aluminum. 

Although  it  is  not  required,  the  following  procedures  were 
carried  out  in  a  class  10/100  cleanroom.  The  requisite  equipment 
for  the  etch  rate  study  was  as  follows: 

1 .  Fume  hood 

2.  Hot  plate  with  digital  temperature  readout 

3.  Deionized  water  rinse  bath 

4.  Alpha-Step  thickness  measuring  tool 
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5.  Process  timer 

6.  1000  ml  teflon  container 

7.  500  ml  graduated  cylinder 

8.  100  ml  graduated  cylinder 

9 .  Sponge  swabs 

The  chemical  and  material  supplies  needed  were  as  follows: 

1.  3**  Si  wafer  coated  with  1200  k  of  aluminum 

2 .  Positive  photoresist 

3 .  Acetone 

4.  Isopropanol 

5.  Deionized  water 

6.  Aluminum  etch  (16  parts  phosphoric  acid  :  1  part  acetic 
acid  :  1  part  nitric  acid  :  2  parts  deionized  water) 

7 .  Dry  nitrogen 

Since  the  manufacturer  did  not  provide  etch  rate  information 
for  the  aluminum  etch,  the  first  task  is  to  determine  the  etch 
rate  of  the  concentrated  solution.  First,  the  aluminized  3" 
silicon  wafer  had  to  be  prepared  for  the  upcoming  tests.  A  set  of 
simple  rectangular  test  patterns  was  placed  on  the  wafer  using 
the  following  procedure: 

1.  The  wafer  was  rinsed  with  deionized  water  and  dried  with 
a  nitrogen  blower. 

2.  Using  a  sponge  swab,  several  rectangular  areas  were 
masked  off  on  the  aluminum  surface  of  the  wafer  with 
photoresist. 

3.  The  coated  wafer  was  then  placed  on  the  hot  plate, 
which  was  set  at  a  temperature  of  105 ”0  for  1  minute. 

4.  The  wafer  was  then  submerged  in  the  aluminum  etch  until 
only  the  rectangular  test  patterns  remained  on  the  wafer. 

5.  The  photoresist  was  then  removed  using  acetone  and  the 

wafer  was  then  cleaned  with  isopropanol  and  deionized 

water  and  dried  with  nitrogen. 

With  the  test  patterns  formed  on  the  surface,  the  metbl 
thickness  is  measured  at  the  five  test  points  indicated  in  Figure 
1.  The  average  aluminum  thickness  was  determined  to  be  1200  ±100 

A.  It  should  be  noted  that  the  resolution  of  the  Alpha-Step 

measuring  tool  is  ±50  A.  Figure  2  is  a  sample  Alpha-Step  meas¬ 
urement  showing  the  initial  thickness  profile  of  the  aluminum  at 
reference  point  l  in  Figure  1. 

Now  that  the  preliminary  work  has  been  completed,  the  etch 
rate  can  be  determined  for  the  undiluted  etchant.  The  procedure 
for  determining  the  etch  rate  of  a  given  solution  is  as  follows: 

1.  Using  an  appropriate  application  tool,  apply  photoresist 
to  all  areas  of  the  test  pattern  leaving  only  the  desired 
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test  area  exposed. 


2.  Place  the  wafer  on  the  hot  plate,  which  should  have  a 
nonlnal  temperature  of  105*C,  for  1  minute,  to  harden  the 
photoresist  so  it  serves  as  a  mask  during  the  following 
etch  process. 

3.  With  the  wafer  in  a  holder,  submerge  the  wafer  into  the 
etch  bath  for  a  specified  period  of  time.  (For  the  pur¬ 
poses  of  this  study,  the  etch  bath  consists  of  500  to  600 
ml  of  the  aluminum  etch  at  a  given  concentration  in  a 
1000  ml  teflon  container.  The  etch  times  ranged  from  1 
minute  to  2  minutes.) 

4.  Once  the  wafer  is  removed  from  the  etch  bath,  it  is 
placed  in  the  deionized  water  rinse  for  approximately 
four  minutes  to  insure  that  the  etch  process  has  stopped. 

5.  The  next  step  is  to  remove  the  photoresist  mask  with 
acetone  and  clean  the  substrate  with  isopropanol,  deion¬ 
ized  water,  and  dry  nitrogen. 

6.  Lastly,  the  sample  is  placed  on  the  stage  of  the  Alpha- 
Step  system  and  the  etched  aluminum-silicon  boundary  is 
measured . 

The  etch  rate  of  the  undiluted  solution  is  determined  by 
performing  three  one-minute  etches  on  the  test  pattern.  The 
exposed  area  of  the  test  pattern  is  increased  for  each  iteration, 
creating  a  terraced  effect  on  the  aluminum  strip.  Figure  3  shows 
the  aluminum  profile  for  the  test  pattern  created  after  the  first 
one-minute  etch. 

Figures  3  and  4  show  the  aluminum  profile  of  the  first  ter¬ 
race  created  on  the  test  pattern  after  the  first  and  second  one- 
minute  etches.  Figure  5  shows  the  aluminum  profile  for  the  second 
terrace  created  after  the  third  one-minute  etch.  A  summary  pic¬ 
ture  of  the  test  pattern  profiles  is  given  in  Figure  6.  Using  the 
data  from  Figures  2-5,  it  can  be  easily  determined  that  the  etch 
rate  of  the  undiluted  aluminum  etch  is  400  ±50  A/mln.  This  was 
determined  by  taking  an  average  of  the  three  etch  rates  which 
were  400  A/mln,  450  A/min  and  350  A/min,  respectively. 

Now  that  the  etch  rate  of  the  undiluted  solution  is  known, 
the  aluminum  etch  must  be  diluted  to  achieve  the  desired  etch 
rate  of  20-50  A/min.  Following  the  procedure  for  determining  the 
etch  rate  of  the  original  etchant,  the  etch  rates  for  various 
concentrations  of  the  aluminum  etch  were  measured;  the  results 
are  listed  in  Table  1.  The  concentration  selected  for  further 
evaluation  was  the  9.1  :  1  solution  (composed  of  500  ml  of 
deionized  water  :  55  ml  of  aluminum  etch) ,  because  of  the  slow 
etch  rate  of  25  A/min  and  superb  post-etch  surface  quality. 

Before  an  actual  device  can  be  processed,  the  etch  rate  of 
the  solution  has  to  be  known  as  a  functi'in  of  time  because  it 
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will  take  a  significant  amount  time  for  the  diluted  etchant  to 
dissolve  the  native  oxide,  AI2O3,  and  begin  to  etch  the  aluminum. 
In  an  attempt  to  simulate  the  actual  processing  of  a  SAW  resona¬ 
tor,  an  inoperative  device  was  used  with  a  nominal  metal  thick¬ 
ness  of  3000  A.  It  is  desired  to  have  the  thickness  of  the  metal 
reduced  uniformly  across  the  device,  therefore,  masking  of  the 
surface  is  not  required;  leaving  the  following  simplified 
procedure: 

1.  Place  the  device  in  an  appropriate  holder  and  submerge 
the  device  in  the  etchant  for  a  specified  length  of  time. 
(The  time  intervals  used  were  2,  4,  6  and  8  minutes.) 

2.  Remove  the  device  from  the  etchant  and  place  it  in  the 
deionized  water  rinse  for  approximately  4  minutes. 

3.  Once  the  deionized  water  rinse  is  completed,  the  device 
is  dried  with  nitrogen  and  the  metal  thickness  is  mea¬ 
sured  using  the  Alpha-Step. 

4.  In  order  to  obtain  the  most  accurate  data  of  the 
surface  etch  over  the  whole  device,  readings  were  taken 
at  the  four  reference  points  labeled  on  Figure  7. 

The  results  of  the  etch  rate  vs.  duration  study  are  listed 
in  Table  2  and  shown  on  Figure  8.  These  results  clearly  show  that 
the  thin  oxide  layer  severely  impedes  the  etching  of  the 
transducer.  Therefore,  as  a  function  of  time,  the  etch  rate  of 
the  solution  triples  as  the  etch  time  increases  from  2  minutes  to 
8  minutes  with  a  very  sharp  transition  at  the  5  minute  mark,  as 
seen  in  Figure  8. 

EVALDATIOM  OF  FREQUENCY  TRIMNIMO  PROCEDURE 

Equipment  azid  Material  Requirements 

completion  of  the  etch  rate  study  allows  the  start  of  the 
primary  thrust  of  this  investigation:  device  processing  and 
evaluation  using  the  wet  chemical  etch  technique.  The  devices 
used  to  evaluate  the  wet  chemical  frequency  trimming  technique 
were  100  MHz  two-port  SAW  resonators  designed  and  fabricated  in- 
house.  The  equipment  and  materials  required  for  the  evaluation  of 
the  SAW  resonators  are  as  follows: 

1.  Hewlett  Packard  (HP)  8753B  Network  Analyzer 

2.  HP  9000  Series  300  Controller 

3.  HP  9876A  Thermal  Printer 

4.  HP  7475A  Plotter 

5.  HP  85160A  S-Parameter  Evaluation  Software 

6.  HP  85165A  Equivalent  Circuit  Evaluation  Software 

7 .  Test  Fixture 

8.  Rubber  Cement  (Acoustic  Absorber) 

Sfeatgffignt.  Ql  Ergfalem 
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Two  problems  are  addressed  with  this  frequency  trimming 
experimentation.  First  (given  that  the  resonator  is  lower  in 
frequency  than  the  desired  operational  frequency) ,  what  etch 
times  are  required  to  move  the  resonance  frequency  a  specified 
amount?  Second,  after  the  device  has  been  processed,  what  degree 
of  performance  degradation  results  from  this  processing?  To  begin 
the  analysis,  a  frequency  shift  of  10  kHz  or  100  ppm  was  selected 
as  a  target  for  the  experiment.  Therefore,  using  the  theoretical 
expressions  found  in  Gerber  and  Ballato  [3]  for  the  grating 
frequency  and  the  initial  data  from  the  device  chosen  to  test  the 
process,  approximately  200  A  of  aluminum  would  have  to  be  removed 
from  the  transducers  and  grating  structc^es  to  bring  about  this 
frequency  shift.  However,  realizing  that  the  initial  oxid_ 
thickness  of  the  device  would  be  much  thicker  than  that  of  a 
recently  processed  device,  a  6-minute  etch  time  was  chosen  for 
the  initial  etch  as  compared  to  the  4.6-minute  etch  time 
prescribed  by  Figure  8. 

Before  the  resonator  was  processed  the  initial  performance  of 
the  device  was  measured;  the  results  can  be  seen  in  Figures  9-12. 
Figure  9  shows  the  fundamental  node  of  the  sin  x/x  frequency 
response  of  the  transducer  combined  with  the  peak  grating 
response.  Figure  10  shows  an  expanded  view  of  the  peak  grating 
response  in  the  amplitude-frequency  domain.  Figure  11  shows  the 
phase  vs.  frequency  response  over  the  500  kHz  region  around  the 
center  frequency.  Lastly,  Figure  12  provides  the  equivalent 
circuit  data  for  the  unprocessed  resonator. 

Procedure  for  Resonator  Performance  Evaluation 

Once  the  initial  data  are  obtained,  the  wirebonds  are 
removed  from  the  device  and  the  initial  metal  thickness  is 
measured;  see  Table  3.  Next  the  resonator  is  processed  using  the 
same  procedure  developed  for  the  inoperative  device.  Once  the 
device  has  been  processed  and  the  aluminum  profile  measured  on 
the  Alpha-Step  (see  Table  3) ,  the  procedure  for  the  device 
performance  evaluation  is  as  follows: 

1.  Wirebonds  are  attached  to  the  busbar  of  the  device  and 
the  device  is  then  soldered  into  the  test  fixture. 

2.  The  HP  controller,  network  analyzer,  and  peripherals  are 
turned  on  and  the  S-parameter  software  is  loaded  into  the 
controller. 

3.  The  test  fixture  with  the  attached  resonator  is  connected 
to  the  network  analyzer. 

4.  Following  the  software  prompts,  one  is  led  through  the  S- 
parameter  measurements  and  data  acquisition,  and  the 
resonance  frequency  of  the  device  is  noted. 

5.  Once  all  the  S-parameter  data  are  obtained  the  equivalent 
circuit  software  is  loaded  into  the  HP  controller. 
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6.  In  setting  up  the  neasurement  using  the  equivalent 
circuit  software,  the  resonance  frequency  obtained  from 
the  S-parameter  evaluation  is  used  to  bypass  the 
resonance  frequency  and  nominal  Q  search,  which  speeds  up 
the  measurement  significantly. 

7.  Again  following  the  softkey  menu,  the  measurement  can  be 
set  up  and  performed  and  the  output  data  can  be 
obtained. 

Figures  13-16  show  the  S-parameter  and  equivalent  circuit 
data  for  the  resonator  after  the  first  etch.  Comparing  Figures  10 
and  14,  it  can  be  seen  that  the  peak  response  shifted  up  in 
frequency  about  12  kHz.  This  information  can  also  be  obtained 
from  the  phase  vs.  frequency  plots  (seen  in  Figures  il  and  15) , 
by  noting  the  dif.'erence  In  the  zero  crossing  for  the  odd 
frequency  response,  distinguished  by  its  sharp  phase  transition 
from  -180*  to  +180*  in  the  phase-frequency  domain.  Figure  16 
provides  a  listing  of  the  equivalent  circuit  parameters  for  the 
etched  device,  and,  when  it  is  compared  to  the  data  in  Figure  12 
for  the  initial  device,  it  confirms  the  results  obtained  from 
visual  inspection  of  the  $2^  magnitude  and  phase  plots. 

A  second  etch  was  performed  on  the  device,  this  time  the 
goal  was  to  remove  the  minimum  measurable  thickness  approximately 
50  A  and  measure  the  frequency  shift  caused  by  the  etch.  Applying 
the  etch  rate  data  from  Figure  8,  an  etch  time  of  two  minutes  was 
selected  for  processing  the  device.  (The  aluminum  profile  data 
from  the  Alpha-Step  measurements,  after  the  second  etch,  are  in 
Table  3) .  Then,  using  the  resonator  parameter  evaluation 
procedures  established  previously,  the  S-parameter  and  equivalent 
circuit  data  can  be  obtained,  as  seen  in  Figures  17-20.  Further 
analysis  of  the  results  will  be  discussed  in  the  conclusions. 

SCnUfARY  AMD  COMCLU8ZOM8 

Table  4  provides  a  summary  of  the  resonator  parameters  for 
the  initial  device  and  the  two  post-etch  states.  The  following 
list  describes  the  terms  in  Table  4: 

o  fg  -  the  dominant  resonant  frequency  of  the  resonator. 

o  f^_  -  the  lower  frequency  at  which  the  reflection  band 

minimum  occurs. 


o  fg^  -  the  upper  frequency  at  which  the  reflection  band 
minimum  occurs. 

o  fg  g^yg  -  tho  f r cquency  calculated  by  taking  the  average  of 
fg_  and  represents  the  frequency  of  peak 

reflection  for  the  grating  array. 
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o  RBW  -  the  reflection  bandwidth  is  the  bandwidth  between  the 
grating  band  ninina. 

o  fjong  “  separation  between  longitudinal  cavity  inodes 

deterained  empirically  by  measuring  the  difference  between 
the  even  and  odd  frequency  responses  that  appear  in  the 
reflection  bandwidth. 

o  fs2l  max  frequency  where  the  maximum  amplitude 

response  occurred  for  ®21‘ 

o  1^21 1  max  ~  maximum  amplitude  of  the  resonator  response. 

o  t^]^  -  the  measured  metal  thickness. 

o  -  the  calculated  reflection  coefficient  of  a  single 

grating,  based  on  metallization  thickness. 

o  Rj  -  the  resistor  value  in  the  equivalent  resonant  circuit. 

o  -  the  loaded  quality  factor  of  the  resonator. 

o  Qu  “  the  unloaded  quality  factor  of  the  resonator. 

o  Etch  Time  -  the  length  of  time  that  the  resonator  was 

exposed  to  the  etchant. 


o  Etch  Rate  -  the  amount  or  thickness  of  aluminum  removed  from 
the  surface  per  unit  time. 

o  Trim  Rate  -  the  shift  in  frequency  caused  by  the  removal  .of 
a  unit  thickness  of  surface  metallization. 


The  unloaded  Q  is  of  great  importance  because  Q„  multiplied 
by  the  resonance  frequency  of  the  resonator  gives  ^e  device's 
figure  of  merit.  (Qy*fg)j_jj„  is  1.05*10^^  and  is  the  material 
limited  figure  of  merit.  Qu*fs  for  the  original  device  is  18.4% 
of  the  material  limit.  The  initial  processing  reduced  the  Qn*^s 
product  to  16.0%  of  the  material  limit  which  corresponds  to  a 
2.4%  reduction  in  the  absolute  performance  of  the  device  or  a  13% 
degradation  in  comparison  to  the  original  device.  Unfortunately, 
the  second  etch  led  to  a  dramatic  degradation  in  device 
performance  with  the  Qy*fs  product  dropping  to  11.9%,  which 
represents  a  35%  degradation  in  figure  of  merit  in  comparison  to 
the  original  device.  It  is  interesting  to  note  that  for  the 
intended  10  kHz  shift,  assuming  that  the  unloaded  Q  decreases 
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linearly  with  frequency  shift,  an  11.4%  performance  degradation 
would  result  when  compared  to  the  original  device. 

The  dominant  resonant  peak  for  this  device  is  an  odd 
frequency  response,  which  is  given  by  fg  in  Table  4.  Provided 
that  the  initial  metal  thickness  is  given  for  each  of  the  three 
states,  the  trim  rate  for  the  device  can  be  determined.  The  trim 
rate  or  trimming  sensitivity  is  defined  as  the  change  in 
resonance  frequency  divided  by  the  change  in  metal  thickness;  and 
a  trim  rate  of  33.04  Hz/A  and  32.82  Hz/A  is  obtained  going  from 
the  initial  state  to  the  first  etch  state  and  then  from  the  first 
etch  state  to  the  second  etch  state,  respectively.  Similar 
devices  would  have  an  average  trimming  sensitivity  of  +32.9  Hz/A 
or  +0.33  ppm/A,  and,  assuming  that  a  minimum  etch  time  of  1 
minute  is  used,  the  minimum  frequency  tuning  capability  of  this 
technique  would  be  approximately  800  Hz. 

J^CKMOWLEDGMEIITS 

The  authors  would  like  to  thank  the  Microcircuit  Packaging 
Team  for  their  invaluable  assistance  during  this  investigation. 
In  particular,  the  authors  would  like  to  thank  Ed  Baidy  and  Drew 
Brooking  for  dicing  the  SAW  devices  and  bonding  all  the  SAW 
substrates  into  the  test  fixture. 

REFERENCES 


1.  T.E.  Parker  and  G.K.  Montress,  “Precision  Surface  Acoustic 
Wave  (SAW)  Oscillators,”  IEEE  transactions  on  Ultrasonics, 
Ferroelec tries  and  Frequency  Control,  Vol.  35(3),  May  1988, 
pp.  342-364. 

2.  W.  Kern  and  C.A.  Deckert,  “Chemical  Etching,”  in  Thin  Film 
Processes,  Chap.  V-1,  J.L.  Vossen  and  W.  Kern,  Eds., 
Orlando:  Academic  Press,  Inc.,  1978,  pp.  401-496. 

3.  W.R.  Shreve  and  P.S.  Cross,  “Surface  Acoustic  Waves  and 
Resonators,”  in  Precision  Frequency  Control,  Vol.  1, 
Acoustic  Resonators  and  Filters,  Chap.  2,  E.A.  Gerber  and  A. 
Ballato,  Eds.,  Orlando:  Academic  Press,  Inc.  1985,  pp.  119- 
145. 


9 


iK29  18  07  u«, 

IS  t 


X  T10.n« 

R  UQ  rm  0.4 


HIM  110. rM 

TIR  25. n« 

Ra  O.rw  0.2 


R  396. OuM 


Hr*a  0.5350 
SCAN  HEHU  1 

UM  S^UM 
10000  2 
2000  .2  1 

■■■ip  s 

80  5  25 


DIR  — >  I 

STYLUS  >25ii»9 
22  160u«  LEUEL 


. . 

1 

1 

1 

^  1 

1 

1* 

1 

1 

1 

1 

1 

*  *  1  ’  *  *  '  *  *  *  * 

1 

1  t**^-*- 

*  / 

•  y 

* . 

1 

1 

1 

1 

^**-.#i*t.»***'-***H**--»-»**  N. 

1 

1 

1 

t 

1 

1 

. 

•I 

0  100  20C 

'SOff- . .  V- . 

Figure  2.  Alpha-Step  Profile  of  the  Original  Surface 


1K29  19.13 
ID  • 


tU29  20:27 
If  •  1-4 


0.4 


0.2 


R  0.0 

scm  MENU  1 
u*  s^om  -0 . 2 
10000  .2 
2000  .2  1 
5 

25  -0.4 
SCflH  t»  8»«c 
DIR.— > 

STYLUS  >25ii9 

0  152u«  LEUEL 


I 

I  1 

1 

1 

. M 

■ 

»  J* 

^  « 

1 

1 

1 

i 

1 

I 

f*  1 

1 

1 

1 

1 

1 

1 

“••••**•*•••** 

. 

. . . .......  ^ 

!•  1 

t 

1 

I 

1 

• 

1 

( 

. . . 

Figure  4.  Alpha-Step  Profile  of  First  Terrace  After 

Second  One-Minute  Etch 


1K30  01:19  UM 
ID  • 


nm  0.4 
R  35. na 


TIR  25. na  0.2 
S.na 


0.0 


R 


flraa 

SCRH  MENU  1 
ua  s^ua  -0.2 
10000  .2 
2000  .2  1 
5 

'25  -0.4 
SCftI  t«  8s«c 
DIR— > 
STYLUS  >25a9 

0  268ua  LEUEL 


t 

1 

1 

1 

. . . m 

. ^ 

.  ) 

:  i 

I.  t 

1 

1 

i  . 

1 

t 

1 

1 

1  * 

1 

1 

I*. 

1 

. ‘1 . 

1 

1 

1 

1 

'*  m  m  1  HI  II 

1 

t 

1 

1 

*»*»»»» 

— r: 

\  1 

'•  1 

1 

1 

1 

1 

1 

1  ,  * . 

1 

- - - -K. 

Figure  5.  Alpha-Step  Profile  of  Second  Terrace  After 

Third  One-Minute  Etch 


12 


a)  Initial  Surface 
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Figure  7.  Two  -  Port  SAW  Device 
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Figure  8.  Etch  Rate  vs.  Duration  Study 
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Figure  10.  S  21.  mag  of  Resonator  Before  Trim,  500  kHz  Sweep 
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Figure  1 2.  Resonator  Parameters  Before  Trim 
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Figure  18.  Sji,  of  Resonator  After  Trim  2;  500  kHz  Sweep 
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Figure  19.  Sj,  of  Resonator  After  Trim  2;  500  kHz  Sweep 
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